A series of titanium oxide (TiO 2 /Ti) film electrodes were prepared from titanium (Ti) metal mesh by an improved anodic oxidation process and were further modified by photochemically depositing gold (Au) on the 
Introduction
In the environment, many substances either natural or synthetic chemicals have potential to interfere the hormone or endocrine systems of humans and animals even at a very low concentration [1] . A wide variety of substances, such as alkylphenolic compounds, bisphenols, dioxins, pesticides, furans, synthetic steroids, has been identified as endocrine disrupting chemicals (EDCs) and they are suspected to be able to affect the endocrine systems in various ways of causing an adverse response or disrupting their health, growth, and reproduction [2, 3] . Unfortunately, these EDCs can not be degraded and removed completely by conventional biological degradation treatment. Consequently, the advanced treatment technologies are required to effectively eliminate these environmental pollutants in drinking water sources and wastewater effluents [4, 5] .
TiO 2 -based photocatalysis has been extensively studied for water and wastewater treatment because of its non-toxicity, photochemical stability, and reasonable costs. In this technique, photocatalytic (PC) oxidation of organic substances can be normally achieved with TiO 2 catalysts under UV illumination. Furthermore, photoelectrocatalytic (PEC) oxidation has proven to be more efficient than PC oxidation by driving the photogenerated electrons from TiO 2 conduction band to a counter electrode via an external circuit [6] [7] [8] [9] [10] . In most PEC oxidation systems, a particulate TiO 2 film electrode is usually used as the photoanode, while a counter electrode such as a Pt electrode is used as the cathode. Unfortunately, the role of the cathode beyond a counter electrode is usually disregarded in this kind of PEC reaction systems. Actually, some further advantages of utilizing the cathode for generating useful oxidant species such as hydrogen peroxide (H 2 O 2 ) within the photoreactor could be realized, if the counter electrode is used as a functional cathode. In fact, the addition of the H 2 O 2 chemical as a sacrificial oxidant to scavenge the photo-induced TiO 2 conduction band electrons (e  CB ) has been proven to be beneficial for improving the efficiency of PC oxidation in a TiO 2 suspension system by capturing the e  CB to form the hydroxyl radical (·OH) [11, 12] To determine the crystal phase composition, X-ray diffraction (XRD) measurement was carried out using a diffractometer (Philips PW3020) fitted with a graphite monochromator, in which an accelerating voltage of 40 kV and a current of 30 mA were applied to produce Cu Kα radiation at a wavelength of 0.15418 nm, and the samples were scanned at a step size of 0.05° and a counting time of 1 s per step in the range of 2 = 10-90°.
Photoreactor setup and experimental procedures
A bench-scale photo-electro-reactor system was used in this study and its configuration is shown in ; emission: 450650 nm). The electrical potential and current applied on the electrodes were regulated by a potentiostat-galvanostat. In all experiments, the H 2 O 2 generation on the RVC electrode was controlled with an electrical current rather than a potential.
[ When the oxidation experiments were conducted, air was continuously aerated into the solution at a flow rate of 120 mL min
. The initial pH value was found to be 6.17 and was not controlled during the reaction. The samples were collected from the reaction solution at regular intervals for analyses.
Analytical methods
BPA concentration was determined by high performance liquid chromatograph, which includes a high pressure pump (Spectrasystem HPLC P4000), a UV detector 
Results and discussion

SEM and EDX analyses
To study the surface morphology of the TiO 2 and Au-TiO 2 films, SEM measurements were performed and their SEM images are shown in Fig. 2 . It can be seen that both types of films had smooth surfaces with similar micro-sized porous structures. Actually, as TiO 2 was formed by anodic oxidation, the TiO 2 film was firmly distributed on the surface of the Ti mesh with a good strength. The mean size of individual micropores was determined to be about 260 nm (see Fig. 2A ). ). During the high-voltage anodization, the thermal energy dissipation in the barrier oxide layer became considerably insufficient in the reaction electrolytes.
Significant increase of the microstrain stress would cause the electrical breakdown of barrier oxide layer and form small cracks and veins among the crystallites formed in the sparking discharge region. As a result, a TiO 2 film with a microporous structure could be gradually formed on the Ti metal surface. Due to much more excessive oxides production at titanium metal-oxide interface than TiO 2 dissolution at the pore bottom of oxide-electrolyte interface, only interconnected TiO 2 thick-film with microporous structure could be obtained finally [15] . Moreover, Fig. 2B showed clearly that a lot of well-distributed particulates appeared on the surface of Au-TiO 2 film, those are attributed to the gold particulates deposited on the TiO 2 layer as clusters. Due to the existence of these gold particulates, the surface of Au-TiO 2 /Ti mesh became much rougher than that of pure TiO 2 /Ti mesh. It might be beneficial to improve its adsorption ability. The SEM image also showed that these gold particulates have a broad range of size (10-100 nm) and well spread out both outside and inside the microspores.
[ [ Fig. 3] 
XRD analysis
To study the crystal structure of catalysts, three meshes (Ti, TiO 2 /Ti and Au-TiO 2 )
were examined by XRD and their XRD patterns are shown in Fig. 4 . to 100 V). Therefore, this anodic oxidation process can achieve the complete crystallization of TiO 2 without calcination. Meanwhile, the crystalline transformation from anatase to rutile has also been restrained because H 3 PO 4 electrolyte could well contribute thermal transmittance in the local sparking region of TiO 2 barrier layer [17] .
Therefore, the different conditions used in the anodic oxidation process such as electrical potential, current density, and electrolyte composition would influence the crystallization degree and microstructure of TiO 2 film significantly.
[ Fig. 4] cleaving reaction more accessibly to produce oxygen than the TiO 2 /Ti electrode.
Voltammetry property
Furthermore, the Au-TiO 2 /Ti electrode generated a higher polarization current than the [ Fig. 5] 
H 2 O 2 generation on the RVC cathode
If it is assumed that this electrochemical reaction achieved an efficiency of 100 %, a theoretical amount of the H 2 O 2 generation could be calculated using the following two equations:
Where Q is total electron coulombs amount (C); t is reaction time (s) and I is current intensity (A). 
Where n is the moles of electrogenerated [ Fig. 6] 
PC/PEC degradation of BPA under UV illumination with TiO 2 /Ti
To better understand the BPA degradation reaction in such a H 2 O 2 -assisted TiO 2 PEC reaction system, the BPA degradation experiments were conducted in aqueous solution under UV illumination, in which the TiO 2 /Ti electrode was used as the photoanode and the RVC electrode was used as the cathode. The first set of experiments was performed by applying different current intensity from 0 to 1. that such a photolysis process is insignificant under UV-A illumination.
[ Fig. 7] 
PC/PEC degradation of BPA under UV/visible illumination with Au-TiO 2 /Ti
Many research papers have reported that noble metal surface modification could improve the reaction activity of TiO 2 catalyst [18, 19] . In this study, the gold-modified under visible light illumination. Such a weak photoactivity of Au-TiO 2 is ascribed to gold nanoparticulates rather than TiO 2 , which is mostly associated with sensitive surface plasmon response of metallic gold clusters by visible photon energy excitation [20] . These results indicate that the gold deposition on TiO 2 surface may not photosensitize TiO 2 catalyst from UV response to the visible light range effectively, but can enhance its photocatalytic activity under UV illumination significantly.
[ Fig. 8 ]
The results of PEC oxidation under UV illumination at a current intensity of I = 1.5 mA are shown in Fig. 9 Therefore, in addition to TiO 2 electron transfer driven by external electronic field, gold deposition also plays an important role in the dynamic separation of such photogenerated charge carriers. However, once a gold loading exceeds its optimum value such as Au/Ti atom fraction percent > 5%, negatively charged gold clusters would attract TiO 2 holes and subsequently recombine with e  CB . In this case, gold deposits become recombination centers and have a detrimental effect on the PC and PEC activity [22] .
[ Fig. 9] 
Conclusions
Well-crystallized TiO 2 /Ti film electrodes with a microporous structure were successfully prepared by a direct anodization process at a high voltage and further modified by gold deposition on the TiO 2 surface to form Au-TiO 2 /Ti film electrodes.
The experiments confirmed the gold modified TiO 2 film could enhance the efficiency of e  /h + separation on the TiO 2 conduction band and resulted in higher PC and PEC activity under UV or visible illumination. In the meantime, H 2 O 2 could be effectively and also continuously generated in the TiO 2 PEC reaction system, when a RVC electrode was used as the cathode. It has been confirmed that such a H 2 O 2 -assisted TiO 2 PEC reaction system could achieve a much better performance of BPA degradation in aqueous solution with potential for application in water and wastewater treatment. 
